We present results of an analysis of high-resolution spectra (R ∼ 50 000), obtained with the Subaru Telescope High Dispersion Spectrograph, of two CarbonEnhanced Metal-Poor (CEMP) stars selected from the Hamburg/ESO prism survey, HE 1305+0007 and HE 1152−0355, and of the classical CH star HD 5223. All of these stars have relatively low effective temperatures (4000-4750 K) and high carbon abundances, which results in the presence of very strong molecular carbon bands in their spectra. The stellar atmospheric parameters for these stars indicate that they all have surface gravities consistent with a present location on the red-giant branch, and metallicities of [Fe/H] = −2.0 (HE 1305+0007, HD 5223) and [Fe/H] = −1.3 (HE 1152−0355). In addition to their large enhancements of carbon ([C/Fe] = +1.8, +1.6 and +0.6. respectively), all three stars exhibit strong enhancements of the sprocess elements relative to iron. HE 1305+0007 exhibits a large enhancement of the 3rd-peak s-process element lead, with [Pb/Fe] = +2.37, as well as a high abundance of the r-process element europium, [Eu/Fe] = +1.97. The 2nd-peak s-process elements Ba, La, Ce, Nd, and Sm are found to be more enhanced than the 1st-peak s-process elements Zr, Sr and Y. Thus, HE 1305+0007 joins the growing class of the so-called "Lead Stars", and also the class of objects that exhibit the presence of both r-process and s-process elements, the CEMP-r/s stars. The large enhancement of n-capture elements exhibited by HE 1152−0355 and HD 5223 are more consistent with the abundance patterns generally noticed in CH stars, essentially arising from pure s-process nucleosynthesis. The elemental abundance distributions observed in these stars are discussed in the light of existing theories of CH star formation, as well as the suggested formation scenarios of the CEMP-r/s group.
leagues (Beers, Preston, & Shectman 1985; Beers, Preston, & Shectman 1992; Beers 1999 ) and the Hamburg/ESO Survey (HES) of Christlieb and collaborators (Christlieb 2003) have revealed them to possess a wide variety of elemental abundance patterns. Among the at-first surprising results was the large fraction of very metal-poor ([Fe/H] < −2.0) stars with large overabundances of carbon relative to iron. Lucatello et al. (2006) estimates the fraction of carbon-enhanced metal-poor (CEMP) stars, defined as having [C/Fe] > +1.0, to be on the order of 20% to 25% of very metal-poor stars, once the likely dilution of carbon within their atmospheres is taken into account. Subsequent highresolution spectroscopic studies of a number of CEMP stars (Norris et al. 1997a (Norris et al. 1997b Bonifacio et al. 1998; Hill et al. 2000; Aoki et al. 2002; Aoki et al. 2006) has revealed that the CEMP stars can be further subdivided into several classes. According to the suggested taxonomy of Beers & Christlieb (2005) , these include: (a) the CEMP-r stars, which exhibit the presence of strong enhancements of rprocess elements, (b) the CEMP-s stars, which exhibit the presence of strongly enhanced s-process elements, (c) the CEMP-r/s stars, which apparently have contributions from both of these neutron-capture sources, and (d) the CEMPno stars, which exhibit no enhancements of neutron-capture elements. Numerous questions remain as to the nucleosynthetic histories and astrophysical sites associated with the production of these classes of carbon-enhanced metal-poor stars. It already seems clear that a single mechanism for the production of the enhanced carbon in these stars would be unlikely to lead to such a diversity of heavy-element abundance patterns.
In order to obtain insight into the possible origins of the CEMP stars, and to place additional constraints on the nucleosynthesis of s-process and r-process elements at low metallicity, it is thus necessary to conduct high-resolution observations of as many types of the CEMP stars as possible. As carbon plays a central role in the nucleosynthesis reactions that drive the post main-sequence evolution of stars, one might also obtain clues into the evolutionary processes by studying the range of carbon abundances and carbon isotope ratios exhibited by CEMP stars. Christlieb et al. (2001) selected a large sample of carbon-enhanced stars from the HES on the basis of the presence of molecular (e.g, CH, CN, and C2) bands on the original prism plates, without placing any additional selection on their metallicities. Several teams have been obtaining low-to medium-resolution spectroscopic follow-up of these stars in order to investigate their nature in more detail. Marsteller et al. (in preparation) will report on medium-resolution spectroscopy of over 350 stars from the Christlieb et al. (2001) sample. Goswami (2005) reported spectral classifications for 91 of the Christlieb et al. (2001) stars based on lowresolution spectroscopy (R = λ/δλ ∼ 1330). In this study some 30% of the sample were shown to be likely CEMP stars. We have undertaken a high-resolution study of these CEMP candidates (with additional targets from Goswami 2006, in preparation) in order to obtain confirmation of their identification with this class, as well as to carry out a comprehensive study of their heavy-element abundance distributions. This paper reports the first results of our highresolution spectroscopic campaign, and discusses two candidate CEMP stars from the Goswami (2005 Goswami ( , 2006 in preparation) study, HE 1305+0007 and HE 1152−0355. First abundance results for a number of heavy elements in the classical CH star HD 5223 are also presented.
In section 2 we present details of the observations that have been conducted, and describe the low-resolution spectra of our program stars. Section 3 presents BV RIJHK photometry of these stars, and discusses our estimates of their effective temperatures based on this information. The procedures we have adopted for estimation of the stellar atmospheric parameters are discussed in section 4. The elemental abundance results are presented in section 5. Results and discussions of our present study, and consideration of existing theories for the nucleosynthesis history of CEMP-s and CEMP-r/s stars are presented in section 6. Section 7 provides some conclusions.
OBSERVATION, DATA REDUCTION, AND RADIAL VELOCITIES
The low-resolution spectra of our program HES stars were obtained with the 2m Himalayan Chandra Telescope (HCT) at the Indian Astronomical Observatory (IAO), Mt. Saraswati, Digpa-ratsa Ri, Hanle, India during January 2005. The spectra of two classical CH stars, HD 5223 and HD 209621, were also obtained with the same telescope. These spectra cover a wavelength range from about 3800Å to 6800Å, with a spectral resolving power R = λ/δλ ∼ 1330. For each star two spectra were taken, each of 15 minutes duration; the spectra were then combined to increase the final signal-to-noise ratio. Observations of a Th-Ar hollow cathode lamp taken immediately before and after the stellar exposures provided the wavelength calibration. Standard spectroscopic reductions (e.g., flat fields, bias subtraction, extraction, and wavelength calibration) were carried out using the IRAF † spectroscopic reduction package. High-resolution spectroscopic observations of our program stars were carried out with the High Dispersion Spectrograph (HDS) of the 8.2m Subaru Telescope (Noguchi et al. 2002 ) on 25 May, 2003 . Each object spectrum was taken with a 10 minute exposure having a resolving power of R ∼ 50 000. The observed bandpass ran from about 4020Å to 6775Å, with a gap of about 75Å, from 5335Å to 5410Å, due to the physical spacing of the CCD detectors. These data were also reduced, in the standard fashion, using IRAF. Figure 1 shows the low-resolution spectra of the two HES stars in the wavelength region 3850Å to 5000Å. The spectra of two well-known CH stars HD 5223 and HD 209621, obtained at the same resolving power, are also plotted for comparison. Following Goswami (2005) , we note that the two HES stars are potential CEMP (CH) candidate stars. The G band of CH is noticeably strong and appears to be almost of equal strength in all the spectra. The secondary Figure 1 . A comparison of the low-resolution spectra of HE 1305+0007 and HE 1152−0355 in the wavelength region 3850Å to 5000Å. The spectra of the well-known CH stars HD 5223 and HD 209621 are also plotted for comparison. Prominent atomic and molecular features are indicated.
Description of the spectra
P-branch head around 4342Å is distinctly seen in the HES stellar spectra, as well as in HD 5223 and HD 209621. The Ca I feature at 4226Å is weakly noticed in the two HES stellar spectra. Narrow atomic lines are blended with contributions from molecular bands. As in the case of the two HD stars, Hβ and Ba II at 4554Å are two clearly noticable features in the HES stellar spectra.
The high-resolution spectra of HE 1305+0007, HE 1152−0355, and HD 5223 are typical of the complex combination of molecular and atomic absorption features in their cool atmospheres. The optical spectra of the stars are characterized by very closely-spaced molecular absorption lines of CH, CN and the Swan system of C2. The continuum is obscured over essentially the entire wavelength region, and the atomic absorption lines are overwhelmed by the molecular transitions. Measurements of equivalent widths are therefore not free from uncertainties, even in the case of relatively clean lines. Nonetheless, we have identified a number of atomic features on the spectra and measured their equivalent widths, which are used in the present work to derive the elemental abundances using a model-atmosphere analysis.
We have also searched for Li in the high resolution spectra of our three program stars. A wide spread of Li abundances is known to exist among CEMP stars (e.g., Norris, Ryan & Beers 1997a) . Although in giants Li is not expected to currently exist on their stellar surfaces due to its likely destruction from internal-mixing processes, it is still worthwhile to search for its presence. If detected, a measure of Li abundance could help understand the formation mechanisms of these objects. Hill et al (2000) have derived a Li abundance for CS 22948-027, (a star very similar to HE 1305+0007) of logǫ(Li) = +0.3, a value much lower than the primordial Li abundance. This is an indication of some internal mixing affecting the surface abundances. Unfortunately, this feature could not be detected in the spectra of our stars.
Radial velocities
The radial velocities of our program stars were measured using several unblended lines. Estimated heliocentric radial velicities vr of the program stars are shown in Table 1 . No previous estimates of radial velocities for HE 1305+0007 and HE 1152−0355 are available in the literature. It is thus presently not known whether these two stars are radial velocity variables. HD 5223, on the other hand, is known to be a radial velocity variable; McClure & Woodsworth (1990) studied its radial velocity variations in detail and reported that vr of HD 5223 ranges from −230 to −250 km s −1 . The SIMBAD database lists a mean radial velocity of vr = −232 km s −1 for this star.
PHOTOMETRY
Optical broadband BV RI photometry has been obtained for our program stars . These data are reported, along with near-IR JHK photometry from 2MASS (Skrutskie et al. 2006) , in Table 2 . Estimates of the line-ofsight reddening values, E(B −V ), for the HES stars listed in Table 2 are obtained from the Schlegel, Finkbeiner, & Davis (1998) dust maps. The reddening estimate for CS 22948-027 is E(B−V ) = 0.00, as obtained from the Burstein and Heiles (1982) maps, and E(B − V ) = 0.04 in the case of HD 5223, as obtained from Sleivyte & Bartkevicius (1990) .
Effective temperatures from photometry
Estimates of the effective temperatures of the two HES stars in our program have been determined using the temperature calibrations derived by Alonso et al. (1996) , which relate T eff with various optical and near-IR colours. Alonso et al. estimate an external uncertainty in the temperature calculation using this method of ∼ 90 K. The Alonso calibrations of B − V , V − R, V − I, R − I and V − K require colours in the Johnson system, and the calibrations of the IR colours J − H, and J − K in the TCS system (the photometric system at the 1.54 m Carlos Sanchez telescope in Tenerife; Arribas & Martinez-Roger 1987) . To obtain the V −K colour in the Johnson system we first transformed the Ks 2MASS magnitude to the TCS system. Then, using eqs (6) and (7) of Alonso et al. (1994) , K is transformed to the Johnson system from the TCS system. In order to transform the 2MASS colours J −H and J −KS onto the TCS system we first transformed the 2MASS colours to CIT colours (Cutri et al. 2003) , and then from CIT to the TCS system (Alonso et al. 1994) .
Estimation of the T eff from the T eff -(J − H) and T eff -(V − K) relations also involves a metallicity ([Fe/H]) term. We have estimated the T eff of the stars at several metallicities. The estimated temperatures, along with the adopted metallicities, are listed in Table 3 .
The broadband B − V colour is often used for the determination of T eff , however, the B − V colour of a star with strong molecular carbon absorption features depends not only on T eff , but also on the metallicity of the star and on the strength of its molecular carbon absorption features, due to the effect of CH molecular absorption in the B band. For this reason, we have not used the empirical T eff scale for the B − V colour indices. The temperatures listed in Table  3 span a wide range; while J − K, J − H, and V − K colours provide similar temperatures, the V −I colour predict higher temperatures.
STELLAR ATMOSPHERIC PARAMETERS
A selection of Fe I and Fe II lines (Table A) , covering a range in excitation potential (0.0-4.0 eV) and equivalent widths (20-160 mÅ), was used in a routine procedure to determine the stellar atmospheric parameters -the effective temperature T eff , the surface gravity log g, the microturbulence Vt, and the metallicity [Fe/H]. For HE 1152−0355, a few stronger lines were also used, as the number of lines falling in the above range of equivalent widths is very small. Nineteen Fe I lines in HE 1305+0007, eighteen Fe I lines in HE 1152−0355, and twenty-four Fe I lines (and four Fe II lines) in HD 5223 were found to be useful for our analysis. In Table B , we present the measured equivalent widths for other elements. In this Table, the star HE 1152-0355 is not included, due to the severe contamination by molecular absorption features in this object, which prevented reasonable fits of gaussian line profiles to be obtained. This star is also the coolest among the three. Throughout our analysis we have assumed that local thermodynamic equilibrium conditions apply. Model atmospheres were selected from the Kurucz grid of model atmospheres with no convective overshooting, and from those that are newly computed models with better opacities and abundances. These models are available at http://cfaku5.cfa.harvard.edu/, labelled with the suffix "odfnew". For our analysis, the excitation potentials and oscillator strengths of the lines were taken from various sources, including the Vienna Atomic Line Database (http://ams.astro.univie.ac.at/vald/) and also the Kurucz atomic line list (http://cfa-www.harvard.edu/-amdata/ampdata/kurucz23/sekur.html), Fuhr, Martin, & Wiese (1988) , Martin, Fuhr, & Wiese (1988) , and Lambert et al. (1996) . The gf values for some elements were also taken from a compilation assembled by R.E. Luck (private communication); these are based, when possible, on experimental determinations of high quality. We have employed the latest (2002) version of MOOG, an LTE stellar lineanalysis program (Sneden 1973) .
The microturbulent velocity is generally estimated at a given effective temperature by demanding that there should be no dependence of the derived Fe I abundance upon the equivalent widths of Fe I lines. However, in the present case, the number of usable lines is small. The wavelength regions around the lines at 4863, 4892, 5753 and 5806Å that are used in our analysis are significantly affected by C2 and CN molecular features. It is therefore possible that the equivalent widths of these lines are overestimated due to contamination from molecular features. This in turn would affect the determination of microturbulent velocity. Taking this into consideration, and following the discussions of Vanture (1992) and McWilliam et al. (1995) ( Vt in cool giants with log g ≤ 2.0 are in general ≥ 2 km s −1 ), we have adopted a value of Vt = 2 km s −1 for both of the HES stars and for HD 5223.
Estimates of effective temperatures were then obtained by the method of excitation balance, forcing the slope of the (2000) Dec (2000 abundances from Fe I lines versus excitation potential to be near zero. The temperature estimates in Table 3 provided a preliminary temperature check for the program stars; model atmospheres corresponding to these temperatures were used initially, and the adopted effective temperatures were then obtained by an iterative process using the method of excitation balance. In Figure 2 , we show the iron abundances of two examples, HE 1305+0007 and HD 5223, for individual Fe I and Fe II lines as a function of each line's equivalent width and the lower excitation potential. If we rely on the Fe I excitation equilibrium, with an adopted microturbulance of 2 km s −1 , we estimate the effective temperatures for HE 1305+0007 and HE 1152−0355 to be 4750 K and 4000 K, respectively. For HD 5223, the estimated T eff is 4500 K. Using the Fe I/Fe II ionisation equilibrium, the surface gravities of HE 1305+0007, HE 1152−0355 and HD 5223 are obtained to be log g = 2.0, 1.0 and 1.0, respectively. The derived metallicities are [Fe/H] = −2.0, −1.3 and −2.0, respectively (Table 4) . Vanture (1992) reported a higher metallicity, [Fe/H] = −0.9, for HD 5223, even though his estimates of T eff ∼ 4550 K and log g ∼ 1.3 are very similar to those we have adopted. To verify our estimations, we have determined the atmospheric parameters for the star CS 22948-027 (a star very similar to HE 1305+0007, see section 6) and compared with those given by other authors. We obtained similar results to those reported by Barbuy et al. (2005) . They estimated T eff = 4800K, log g = 1.8, Vt = 1.5 and [Fe/H] = −2.46, very close to our present estimates (Table 4) .
ABUNDANCE ANALYSIS
There are numerous features, from a variety of elements, identified in our program star spectra (Table B) . However, throughout the spectral range the line blending is so severe that for most elements a standard abundance analysis procedure based on the equivalent widths could not be applied, and the abundances must be derived from spectrumsynthesis calculations. A fit of the synthetic spectrum in the wavelength region 5170 to 5190Å, obtained using the atmospheric parameters listed in Table 4 , is illustrated in Figure 3 . This region is relatively free from contamination by molecular features. The method of spectrum synthesis is also applied to lines that are affected by hyperfine splitting. For the spectrum synthesis of lines, we find that a projected velocity vsini of 5.0 ± 2 km s −1 matches the widths of the observed features with those of the synthetic spectra. This value represents the sum of macroscopic broadening, and does not necessarily indicate significant rotation of the star. In Table 5 we present abundances derived from spectrum-synthesis calculations. In this Table we have listed not only the abundance log ǫ(X), and [X/H], but also [X/Fe]. In computing the quantity [X/Fe], we have used the Fe Ibased abundance for elemental abundances derived from neutral lines and the Fe II-based abundance for elemental abundances derived from ionized lines. Local thermodynamic equilibrium was assumed for all of the spectrumsynthesis calculations. We have used the latest version of MOOG for spectrum synthesis. The line lists for each region that is synthesized are taken from the Kurucz atomic line list (http://cfa-www.harvard.edu/amdata/ampdata/-kurucz23/sekur.html) and from the Vienna Atomic Line Database (http://ams.astro.univie.ac.at/vald/). Reference solar abundances for the various elemental species were adopted from Asplund, Grevesse & Sauval (2005) . The log gf values for atomic lines were adopted from Fuhr et al. (1988) and Martin et al. (1988) , whenever available, and also from a compilation of gf values by R. E. Luck (private communication). The heavy neutron-capture elements lines and corresponding log gf values given by Sneden et al. (1996) and Lawler et al. (2001) were also consulted.
For HE 1305+0007, we have determined the abundances of C, Na, Mg, Ca, Sc, Ti, Mn, Ni, and among the heavy elements, Sr, Y, Zr, Ba, La, Ce, Pr, Nd, Sm, Eu, and Pb. Abundances of several heavy s-process elements, in addition to the carbon abundance, are also determined for HE 1152−0355. For HD 5223 we could determine the abundances of C, Na, Mg, Ca, Ti, Ni, Sr, Y, Zr, Ba, La, Ce, Nd, Sm, and Pb. Details of the behaviour of the elemental abundance patterns for our program stars are discussed below.
Carbon
The carbon (C) abundance is derived from spectral synthesis of the C2 Swan 0-1 band around 5635Å. A synthetic spectrum, derived using a carbon abundance of log ǫ(C) = Table 3 : Estimated effective temperatures (T eff ) from semi-empirical relations Carbon abundances derived from the spectrum synthesis of the CH G-band are not considered. This feature is severely saturated in our objects, is quite insensitive to the carbon abundance, and hence likely to return uncertain values. Spectrum synthesis of the C2 Swan 0-1 band around 5635Å is, however, found to provide the most reasonable estimates. Spectrum-synthesis fits for HE 1305+0007, HE 1152−0355, and HD 5223 are shown in Figure 4 .
The odd-Z elements Na and Al
The sodium (Na) abundance in HE 1305+0007 is calculated from the resonance doublet -the Na I D lines at 5890Å and 5896Å. These resonance lines are sensitive to non-LTE effects (Baumüller & Gehren 1997; Baumüller et al. 1998; Cayrel et al. 2004 ). The derived abundance from an LTE analysis displays an overabundance with respect to Fe of [Na/Fe] = +0.26, based on the Na I D2 line, and an overabundance [Na/Fe] = +0.43, based on the Na I D1 line. This abundance may be therefore slightly overestimated (the non-LTE case is not considered here). As a result of the severe line asymmetry of the Na I resonance doublet, due to molecular contamination, we could not estimate the Na abundance in the star HE 1152−0355. In CS 22948-027, an upper limit of the Na abundance was estimated to be [Na/Fe] < +0.57 by Barbuy et al. (2005) . This value is slightly higher than what we have obtained for HE 1305+0007, a star very similar to this object. For HD 5223, the Na abundance is derived using the Na I D lines, and found to be [Na/Fe] = +0.46. While Na exhibits a mild overabundance in HE 1305+0007 and CS 22948-027, it is interesting to note that the excess of Na is quite significant in CS 29497-034, a star which is otherwise very similar to both HE 1305+0007 and CS 22948-027. This star also has the lowest metallicity amongst these three.
The aluminum (Al) lines are severely blended in the spectra of our program stars, and could not be used for abundance determination. The Al line at 3961.5Å, which is generally used for Al abundance determination in extremely metal-poor stars, lies outside the wavelength range of our spectra.
The α-elements Mg, Si, Ca, and Ti
Several lines due to α-elements were identified in the spectra of the two HES stars. However, in order to avoid contamination problems from the strong molecular carbon features, we have selected the cleanest line of each element, and derived the abundance from spectrum-synthesis calculations. Hence, in many cases, the abundance is derived from a single-line spectrum-synthesis calculation.
The Mg abundance in HE 1305+0007 is derived from the synthesis of the Mg I line at 5172.68Å. The predicted line profile with our adopted Mg abundance (log ǫ(Mg) = Due to the presence of severe line blending, the α-element abundances, with the exception of Ti, could not be derived in the star HE 1152−0355. As in the case of HE 1305+0007, the Ti abundance in HE 1152−0355 is also derived from a spectrum synthesis of the Ti II line at 4805.085Å; we obtain [Ti/Fe] ∼ +0.5 for HE 1152-0355.
The iron-peak elements Mn and Ni
For HE 1305+0007, a spectrum synthesis of the Mn I line at 5432.56Å returned an abundance estimate of log ǫ(Mn) = 3.5; [Mn/Fe] is found to be almost solar in this star, with [Mn/Fe] = +0.14. A Mn abundance could not be determined for HE 1152−0355 and HD 5223. A comparison of the fits of the synthetic spectra for log ǫ(C) = 8.2 ± 0.3 (top), 7.7 ± 0.1 (middle) and 7.9 ± 0.2 (bottom) (represented by solid line, dash and dotted curve, respectively) with the observed spectrum of HE 1305+0007, HE 1152−0355, and HD 5223, respectively (shown by solid circles) in the wavelength region around 5635Å of the C 2 Swan 0-1 bands. Carbon abundances of log ǫ(C) = 8.2, 7.7, and 7.9 provide the best fit (solid line) of the synthetic spectra with the observed spectra of HE 1305+0007, HE 1152−0355, and HD 5223, respectively. For very metal-poor stars, a general decrease of the ratios of Mn and Cr, relative to Fe, was initially found by McWilliam et al. (1995) and Ryan, Norris, & Beers (1996) . The observational scatter in these trends was lowered considerably by the more recent higher-quality data of Cayrel et al. (2004) . Our measured abundances for both of these species fit well with the Cayrel et al. trends.
The light s-process elements Sr, Y, and Zr
Abundances of the light s-process elements strontium (Sr), yttrium (Y), and zirconium (Zr) are also determined from spectrum-synthesis calculations. The Sr abundance is derived from spectrum synthesis of the Sr I line at 4607.327Å, the Y abundance from the Y II line at 5200.41Å, and the Zr abundance is derived from the Zr I line at 6134.57Å. Examples are shown in 
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The heavy n-capture elements: Ba, La, Ce, Pr, Nd, Sm, Eu, Pb
As in the case of the other elements, the abundances of barium (Ba), lanthanum (La), cerium (Ce), neodymium (Nd), and samarium (Sm) are also determined using spectrumsynthesis calculations (examples are shown in Figure 6 and Figure 7 ). The derived abundances for these elements are found to be overabundant with respect to Fe in all three of our program stars. In the case of HE 1305+0007, abundances of a few more heavy elements, such as Pr, Eu, and Pb, are also determined (Figure 8 ).
We have not used any hyperfine-splitting corrections for Ce, Nd, and Y lines, since they are very weak, and the abundances are not expected to be affected by hyperfine splitting (McWilliam et al. 1995) .
In the case of Ba the hyperfine-splitting (HFS) corrections depend on the r/s fraction assumed to have contributed to the enrichment of the star. This element has both odd and even isotopes. The odd isotopes are mainly produced by the r-process and have a broad HFS, while the even isotopes are mainly produced by the s-process, and exhibit no HFS. However, it was shown by Sneden et al. (1996) that this issue is important for the Ba lines at 4554Å and 4934Å, and unimportant for the three other Ba lines at 5854, 6142, and 6497Å, which are generally used for abundance determination. We have used the red Ba II line at 6141.73Å for the abundance determination in our stars. The HFS splitting of this line is ∼1/5 of the Ba 4554Å splitting and ∼1/3 of the thermal line width, and hence we have neglected HFS corrections. Ba is found to exhibit a marked overabundance of [Ba/Fe] Figure  8 .
Abundances of cerium (Ce) and praeseodymium (Pr) are derived from spectrum-synthesis calculations of the Ce II line at 5274.23Å and the Pr II line at 5259.7Å, respectively. Both of these elements exhibit large overabundances in HE 1305+0007; [Ce/Fe] = +2.53 and [Pr/Fe] = +2.38, respectively. In HD 5223, [Ce/Fe] = +1.87, hence it is also strongly overabundant.
We have also used spectrum-synthesis calculations to determine the abundances of Pb in HE 1305+0007, using the Pb I line at 4057.8Å. This line is strongly affected by molecular absorption of CH (as indicated in Figure 8 ). CH lines are included in our spectrum synthesis calculation of Pb abundance. The best spectrum-synthesis fit with the observed line profile is obtained with a lead abundance of log ǫ(Pb) = 2.38, as shown in Figure 8 , an overabundance with respect to iron of [Pb/Fe] = +2.37. This line could not be detected in the spectrum of HE 1152−0355. Spectrum synthesis of this line returns a lead abundance of log ǫ(Pb) = 2.15 in HD 5223, with a corresponding overabundance of [Pb/Fe] = +2.21.
Error Analysis
Errors in the derived abundances arise mainly from two sources, random errors as well as systematic errors arising from uncertainties in our adopted atmospheric parameters. Errors arising due to uncertainties in line parameters, such as the adopted gf values and equivalent width measurements, are usually random and cause line-to-line scatter in derived abundances for a given species. The random errors 
where N is the number of lines used. The values of σ computed from the Fe I lines are ±0.18 dex, ±0.27 dex and ±0.13 dex in HE 1305+0007, HE 1152-0355, and HD 5223, respectively. The corresponding values for these three stars calculated for Fe II lines are ±0.17 dex, ±0.24 dex, and ±0.18 dex, respectively. Errors arising from the random uncertainties are computed when the number of clean lines (N ) measured is ≥ 2 for a given element. The computed errors for Fe I and Fe II are listed in Table 5 .
Uncertainties in the adopted model atmospheric parameters may also introduce errors in derived abundances. The accuracy of the atmospheric parameters was estimated by computing a set of Fe I lines for pairs of models with (a) the same gravity and microturbulence velocity but different temperatures (b) with the same temperature and gravity but different microturbulent velocities and (c) with the same temperature and microturbulent velocity but different gravities. A comparison of the variations in the computed equivalent widths for the three cases with the accuracy of equivalent width measurements allowed us to estimate the uncertainties in the determination of the atmospheric parameters. The (conservative) uncertainties in the estimated T eff is ±250K, in surface gravity log g ±0.25 dex, and in microturbulent velocity Vt ± 0.25 km s −1 . Errors in the abundances arising from the errors in atmospheric parameters are not a simple sum of the errors due to the individual parameters. These parameters interact with one another and a change in one may cause a shift in another. The net effect on the derived mean abundances should be considerably less, because we employ the principle of consistency wherein the lines with a large range of excitation potentials, equivalent widths, and different ionization states should lead us to the same value of abundances.
In Table 6 , we take HE 1305+0007 as an example, and derive differential abundances of elements with respect to those obtained from the adopted model (T eff = 4750 K, log g = 2.0, and Vt = 2.0 km s −1 ). These errors are estimated by varying T eff by ± 250 K, log g by 0.25 dex, and Vt by 0.25 km s −1 in the adopted stellar atmosphere models of HE 1305+0007. Computation of abundance errors for the other two stars yields similar results.
The abundances of all other elements listed in Table 5 are derived by spectrum synthesis calculation. In these cases we have visually estimated the fitting errors. Our estimated fitting errors range between 0.1 dex and 0.3 dex. We adopt these fitting errors as estimates of the random errors associated with the derived elemental abundances. In Figures 4 through 8, we have shown synthetic spectra for the adopted element abundances compared with the synthetic spectra due to two other possible abundances with ±0.2 dex or ±0.3 dex (see figure captions) differences with respect to our adopted abundances.
RESULTS AND INTERPRETATIONS
We have reported a high-resolution spectroscopic analysis of the CEMP stars HE 1305+0007 and HE 1152−0355, which belong to the somewhat lesser studied group of objects of cool CEMP stars. A detailed analysis of high-resolution spectroscopy for HD 5223, a well-known classical CH star (used by Goswami 2005 Goswami , 2006 as a comparison star), has also been reported. Our analysis confirms that HD 5223 and the two HES stars are all highly carbon-enhanced metal-poor stars. One characteristic feature of CH (CEMP-s) stars is that the heavy 2nd -peak s-process elements, such as Ba, La, Ce, Nd, and Sm, are more enhanced than the lighter 1st-peak s-process elements Sr, Y and Zr. All three of our program stars exhibit this behaviour (Table 5) .
Radial-velocity measurements (Table 1) indicate that all three objects are high-velocity stars, and likely to be members of the Galactic halo population. While we have measured a radial velocity of +217.8 km s −1 in the case of HE 1305+0007, for HE 1152-0355 we have measured +431.3 km s −1 , almost twice as high. Such a high velocity for halo stars is rare but not exceptional; an inspection of high proper motion stars (Carney et al. 1994 ) reveals three stars, namely G 64−12, G 241−4, and G 233−27 with absolute velocities greater than 400 km s −1 . From the high radial velocity of HE 1152-0355, one could speculate that the star could be a runaway from a binary companion that exploded (in the context of Qian and Wasserburg 2003 scenarios of sprocessing occuring in an AGB member of a binary system). However, such an idea requires a more detailed study of a greater number of stars in order to reach a definitive conclusion. As mentioned before, HD 5223 is known to be a radial-velocity variable, and is likely a binary system. For the two HES stars our measurements are the first available accurate radial-velocity measurements, so we are unable to comment on their likely binarity.
Abundance anomalies particular to CH stars are generally explained as a result of mass transfer from a companion star that has undergone its second ascent of the giant branch, becoming an AGB star. Although such a scenario seems to explain the observed behaviour in many classical CH stars, including perhaps HE 1152−0355 and HD 5223, this cannot be generalized to the case of HE 1305+0007, which exhibits a strong double enhancement of both sprocess elements (e.g., [Pb/Fe] = +2.37) and r-process elements (e.g., [Eu/Fe] = +1.97). In the following, we focus on the abundance pattern of this object for a detail discussion. Figure 9 shows a comparison of the observed elemental abundance distribution in HE 1305+0007, relative to Ba, with the solar abundance patterns of the heavy elements associated with the r-process and s-process solar abundances, taken from Burris et al. (2000) . As can be seen from inspection of this Figure, the observed n-capture abundances in HE 1305+0007 do not agree with either of the scaled r-process or s-process abundance patterns in the solar system; the general pattern is clearly non-solar. The abundance pattern labelled as "r+s" is a simple average of r-process and s-process solar abundances from Burris et al. (2000) ; this pattern is closer to the observed abundance pattern in HE 1305+0007 than either of the r−only and s−only patterns. While r+s indicates a simple average, it should be possible to consider a weighted average of the processes, where the weights are determined by relative fractions of r-and s-process solar abundances that could perhaps better reproduce the observed abundance pattern in HE 1305+0007.
The enhancements in Sr and Y are much lower than the enhancement in Ba, consequently the ratios [Y/Ba] and [Sr/Ba] appear particularly low. The elements with 57 ≤ Z ≤ 62 have abundance distributions closer to the r−only curve, although La, Ce, and Pr are slightly above this curve, while Nd and Sm are slightly below it. Eu and Pb lie between the values from of the r−only and s−only solar-system curves, suggesting that the observed pattern has contributions from both the r− and s− processes.
The number of very metal-poor stars that are known to exhibit double enhancements of r− and s− process elements is still small. We consider two examples, CS 22948-027 and CS 29497-034 (Hill et al. 2000 , Barbuy et al. 2005 ; these stars exhibit large enhancements of carbon as well as atmospheric parameters, metallicities, and heavy-element abundance patterns that are similar to HE 1305+0007. Hence, it is informative to compare the abundance pattern of HE 1305+0007 with the abundance distribution of these two stars. Radial velocity measurements show that both of the CS stars are long-period binaries (Preston & Sneden 2001 , Barbuy et al. 2005 , indicating that mass accretion from the (now invisible) more-massive companion occurred during its AGB phase (not RGB), explaining the observed enhancements of the s-elements, including Pb (Barbuy et al. 2005) . Figure 10 shows the distribution of n-capture element abundances ([X/Fe]) versus their atomic numbers (Z) for HE 1305+0007, compared with those of CS 22948-027 and CS 29497-034. Table 7 summarizes these abundances. We notice that these three stars exhibit overabundances of the proton-capture element Na, which is believed to be formed by deep CNO-burning in massive AGB stars. In general, enhancement of the proton-capture elements Na and Al, although common in globular clusters, is not observed in field metal-poor stars. Thus, the enhancement of Na in these stars could also be an indication of pollution by an AGB companion. From the similarity in abundance distributions, these three stars seem to have originated from related nucleosynthetic and evolutionary processes. However, one should note that HE 1305+0007 has not yet been shown to be a member of a binary system. HE 1305+0007 also exhibits a large overabundance of the 3rd peak s-process element Pb. In contrast to HE 1305+0007, all of the other known metal-poor Pb-rich stars are not rich in r-process elements. In very metal-poor AGBs, the s-process operates with a high ratio of neutrons to seed nuclei that favours production of a high abundance of Pb. According to Gallino et al. (1998) , a large production of the doubly magic nucleus 208 Pb is due to AGB stars of low metallicity, which explains the presence of Pb in lowmetallicity stars. That the low-mass AGB stars (M ≤ 4M⊙) play a dominant role in the production of s−elements in Figure 9 . The patterns of the heavy elements, relative to Ba, in HE 1305+0007 are compared to the r-process and s-process solar abundances from Burris et al. (2000) . The abundance pattern of HE 1305+0007 is indicated by the solid line connecting the solid circles. The dotted line indicates "s-only", the dot-dashed line indicates "r-only" and the dash line indicates and average "r+s" abundance pattern connecting the open circles. Figure 11 . The patterns of the heavy elements relative to Ba in HE 1305+0007 (solid line, connecting the solid circles) are compared with the abundances predicted to be found in the dredge-up material of a low-metallicity AGB model (dot-dash line) from Goriely & Mowlavi (2000) . The dashed line indicates the pattern from a simple mixture of the abundances of the low-metallicity AGB model and the solar r-process abundances.
the Galaxy was also supported by Travaglio et al. (2001) . Calculations by Goriely & Mowlawi (2000) and Goriely & Siess (2001) also predict large enhancements of third-peak s−elements relative to the 1st and 2nd s-process peaks.
In Figure 11 , we compare the abundances of HE 1305+0007 with the abundances derived from a lowmass, low-metallicity AGB model (Goriely & Mowlavi 2000) . The abundance curve from the low-metallicity AGB model, scaled to match the observed Ba abundance of HE 1305+0007, does not appear to account for any of the stellar abundances of Sr, Y, Eu, let alone Pb. In order to check for any additional r-process contributions, the abundances of HE 1305+0007 are also compared with a simple mixture of the abundances of the low-metallicity AGB model with solar r-process abundances (scaled to match the [Ba/Eu] ratio in this star). The higher Eu abundance compared with expectation from the pure s-process models suggests some additional contribution from the r-process. However, the observed abundance pattern is clearly not adequately represented by a simple mixture of n-capture processes.
CONCLUSIONS
A high-resolution spectroscopic analysis of the CEMP stars HE 1305+0007 and HE 1152−0355 indicates large enhancements of C and the s-process elements relative to Fe. The 2nd-peak s-process elements are found to be more enhanced than those of the 1st-peak s-process elements. HE 1305+0007 is also found to be characterised by a large enhancement of the 3rd-peak s-process element lead adding HE 1305+0007. In addition, this star is likely to be one of a small number that exhibit double enhancement of r-process and s-process elements, the CEMP-r/s group. The large enhancements of n-capture elements exhibited by the classical CH star HD 5223 is consistent with the abundance pattern generally noticed in other CH stars. The enhancement of s-process elements in this star, along with the large enhancement of carbon, indicate that a mass-transfer event in a binary system from a companion AGB star that underwent s-process nucleosynthesis during its lifetime. However, in HE 1305+0007, the enhanced Eu abundance, together with the large abundance of the 3rd-peak s-process element Pb, presents a challenge to understanding the formation mechanism of this star. Among several scenarios proposed, the possibility that a star with a high ratio of r-elements/Fe could, by accreting some s-rich matter, become an r/s star with a large [Eu/Fe], has been discussed by many authors. A scenario invoking a triple system, one component polluting the presently-observed star with r-elements, and another polluting with s-elements has also been considered in the literature, but was discarded on the grounds that such a triple system may not be dynamically stable (Cohen et al. 2003) . suggested that the double enhancement in the CEMP-r/s stars could be due to the s-process occurring in an AGB member of a binary system, followed by the r-process taking place in a subsequent accretion induced collapse (AIC) of the white dwarf remnant of the former AGB. However, the expected rate of the occurence of AIC events in the Galaxy is low and highly uncertain. This rarity cannot justify the substantial fraction of CEMP-r/s stars (∼ 30%) observed among all the CEMP−s stars (Bailyn & Grindlay 1990 . Zijlstra (2004) proposed a different scenario, in which the primary (evolved to an AGB star) transfers s-rich matter to the observed star, but does not suffer large mass loss (owing to its low metallicity). At the end of the AGB phase, the degenerate core explodes as an AGB supernova. However, r-processing in such a scenario is not expected to be significant. A formation scenario for these stars involving highmass AGB stars (8-10 M⊙) was discussed at length by several authors (e.g., Barbuy et al. 2005 , Wanajo et al. 2006 . The possibility of s-processing occurring in a 10 solar mass star with an O-Ne-Mg core has been studied by Ritossa et al. (1996) ; these authors demonstrated that the reaction 22 Ne(α, n)
25 Mg is efficient in such high-mass stars, owing to the high temperature 3×10
8 K reached at the base of the Heconvective shell. An astrophysical scenario associated with the AGB star in a binary system, in which the r-process might also occur, appears to be a positive step toward understanding the formation mechanisms of the CEMP-r/s stars. More quantitative studies of s-process nucleosynthesis in this mass range is needed in order to make definitive conclusions. A detailed and comprehensive discussion on several of the proposed formation scenarios of CEMP-r/s stars is provided by Jonsell et al. (2006) .
While in the present work we discuss the carbon and neutron-capture element abundance distribution for only three CEMP stars, we intend to conduct additional analyses for a larger sample of stars in the near future. Aoki et al. (2006) provides one such study, including over 20 CEMP stars. Cohen et al. (2006) describes a sample of 16 CEMP stars. An analysis of the abundance patterns obtained from consideration of larger samples will permit one to put the role of CEMP stars in the early history of Galactic chemical evolution into better perspective. It is also important to seek measurements of the crucial species Li, O, Na, and the mixing diagnostic 12 C/ 13 C ratio for these expanded samples of CEMP stars. In addition to many theoretical propositions (Gallino et al. 1998 , Goriely & Mowlavi 2000 , Goriely & Siess 2001 , there now exists observational evidence that suggests, in contrast to the r−only hypothesis of Truran (1981) Masseron et al. (2006) describe the remarkable discovery of an apparent thermallypulsing AGB star, CS 30322-023, which exhibits a clear sprocess signature, at [Fe/H] = −3.5. Obviously, there are many surprises yet to be revealed concerning the operation of the s-process in the early Galaxy. Although uncertain, it also seems likely that the impact of an early s-process on the chemical evolution of carbon, nitrogen, oxygen, and the neutron-capture elements in the Galaxy will critically depend on the Initial Mass Function of early-generation stars (Abia et al. 2001; Lucatello et al. 2005; Karlsson 2006 ).
